Abstract: Dementia increases the risk of morbidity and mortality in hospitalized patients. However, information on the potential effects of dementia on the risks of acute organ dysfunction, severe sepsis and inhospital mortality, specifically among inpatients with chronic obstructive pulmonary disease (COPD), is limited.
INTRODUCTION
C hronic obstructive pulmonary disease (COPD) is a progressive disease characterized by airflow limitation, which cannot be fully reversed. 1 The hospitalization rate of patients with COPD was estimated at 53.9 per 10,000 people, and the mortality rate of patients with COPD has increased 2.5% per year for men in Taiwan since 1995. 2 Many studies have found that patients with COPD have significant cognitive impairments. 3, 4 A previous clinical trial reported that moderate-tosevere cognitive impairment occurred in 42% of patients with COPD compared with 14% in controls. 4 The Mayo Clinic Study of Aging revealed in patients with COPD between 70 and 89-years old, the prevalence of mild cognitive impairment was approximately 27% compared with 15% in controls. 5 According to previous studies, [6] [7] [8] [9] patients with cognitive impairments have an increased risk of hospitalization, a poor prognosis and a limited life expectancy. A recent study 10 found that older patients with dementia who are hospitalized have increased risks of acute organ dysfunction, severe sepsis, and hospital mortality. According to these data, mortality may be increased in patients with cognitive dysfunction and dementia.
Despite the above findings, it is unclear whether dementia may still contribute additional risks to hospitalized patients with COPD who may have experienced a poor prognosis. We hypothesized that patients with COPD and dementia had poorer prognosis after admission compared with patients with COPD without dementia. Therefore, our study aims to investigate whether hospitalized patients with COPD and dementia are at increased risks of acute organ dysfunction, severe sepsis, or death. In this retrospective, population-based, cohort study, we investigated the characteristics of hospitalized patients with COPD and compared the risks of acute organ dysfunction, severe sepsis, and hospital mortality between patients with or without dementia. We also measured the resource use including the following life support treatments: care in the Intensive care unit, vasopressor using, hemodialysis, and mechanical ventilation in hospitalized patients with COPD.
MATERIALS AND METHODS

Ethics Statement
This observational analytic study was conducted by using unidentifiable claims database provided by the Department of Health, Taiwan, and the protocol had been reviewed and approved by its review committee and the principal investigator was requested to sign the agreement upon compliance with the Computer-Processed Personal Data Protection Act 11 during proposal application. In addition, the policy of our institution review board is consistent with the principles of the Declaration of Helsinki. This study was approved by the Institutional Review Board of the Chi Mei Medical Center (IRB no. 10403-E05).
Source of Data
Taiwan launched a single-payer National Health Insurance (NHI) program in March 1995. The National Health Insurance Research Database, a medical claims database, was established and used for research purposes. The National Health Insurance Research Database contains all inpatient and outpatient claims data from the NHI Program in Taiwan, including patients' demographic characteristics, disease diagnoses, prescription records, and medical expenditures. Approximately 99% of the total population in Taiwan was enrolled in the NHI Program. In this study, we analyzed the claim data of 1 million beneficiaries (from January 1, 2000 to December 31, 2010) randomly sampled from all of the beneficiaries registered in 2000.
Study Groups
In the present study, the definition of a hospitalized patient with COPD was a patient with a discharge diagnosis of COPD (ICD-9-CM codes: 490-492, 496) between January 1, 2000 and December 31, 2010 and older than 40 years. Patients with COPD and a history of severe mental disorders (ICD-9-CM codes 291-298) were excluded. These conditions included the following disease: alcohol-induced mental disorders, druginduced mental disorders, transient mental disorders due to conditions classified elsewhere, persistent mental disorders due to conditions classified elsewhere, schizophrenic disorders, episodic mood disorders, delusional disorders, and other nonorganic psychoses. 12 During the study period, one or more readmission events may have occurred for the same patient; only the data from the first-time hospitalization record for COPD was analyzed to ensure the independence of observations. In total, 16,945 patients with COPD were retrieved and analyzed ( Figure 1 ).
Dementia (diagnosed before hospitalization) was defined according to the diagnostic codes for senile or presenile organic psychotic condition (ICD-9-CM code 290) or Alzheimer disease (ICD-9-CM code 331.0). With the defined diagnostic criteria, we identified 1406 patients with COPD who had a history of dementia during the period between January 1, 1997 and the date of the first COPD-related admission from 2000 to 2010. The control subjects were selected from the remaining patients with COPD who had no history of dementia and were matched to the dementia patients by age (AE3 years), gender, and the year of admission. The dementia:control ratio was 1:4. In total of 15,539 COPD patients without dementia were selected as controls.
Outcome Measures
Three outcome measures were investigated, including hospital mortality, severe sepsis, and acute organ dysfunction. The selection criteria for severe sepsis have been validated in a previous study. 10 To define cases of severe sepsis, we used ICD-9-CM codes for both bacterial and fungal infections. 13 These criteria have been used in other studies. 10 The diagnostic codes for acute organ dysfunction are listed in S1 Table (see Table, Supplemental Content, which illustrates the diagnostic codes for acute organ dysfunction). As previously described in detail, 10 only ICD-9-CM code 584 (excluding 580, 586, and 39.95) was used for acute renal dysfunction in this study.
Statistical Analysis
We described the demographic characteristics of the patients, including age, gender, comorbidities, infection site, hospital level, and length of hospital stay. Life-support treatments included hemodialysis, vasopressors, mechanical ventilation, and intensive care during the initial COPD admission.
Continuous variables are presented as the means (standard deviations), and discrete variables are presented as counts and percentages. We used Chi-square tests for comparing categorical variables and t tests for comparing continuous variables. The statistical significance was inferred at a 2-sided P value of < 0.05. The specific effects of dementia on the individual outcome measures, including acute organ dysfunction (cardiovascular, respiratory, renal, hepatic, neurologic, hematologic, and metabolic), severe sepsis, and hospital mortality, were assessed with multivariable logistic regressions adjusting for all the baseline characteristics (ie, age, sex, comorbidities, infection status, hospital level, life-support measures, and length of hospital stay). We also constructed separate logistic regression models to assess factors associated with the respiratory failure, severe sepsis, and hospital mortality outcomes, using dementia and various baseline covariates. All of the statistical analyses were performed using the Statistical Analysis Software (SAS) System, version 9.3 (SAS Institute Inc., Cary, NC).
RESULTS
The characteristics and resource uses of the study subjects are shown in Table 1 . The mean age of patients with COPD and dementia was 81 AE 7.8 years and were predominantly male (64%) with more prevalent in comorbidities and longer length of hospital stay than patients with COPD only. The patients with COPD and dementia had a higher prevalence of cardiovascular disease, cerebrovascular disease, chronic kidney disease, liver disease, and diabetes. Additionally, they had a slightly higher prevalence of infection than the control group (74.6% vs 72.7%). In contrast, patients with COPD and dementia were less likely to be hospitalized in medical centers compared with the control patients. More than 50% of patients with COPD and dementia were admitted to district hospitals due to COPD. Further, patients with COPD and dementia used significantly more life-sustaining resources, including intensive care, vasopressor use, hemodialysis, and mechanical ventilation and had longer hospital lengths of stay (23.2 vs 13.0 days).
The risk of acute organ dysfunction of the respiratory system was higher in the patients with COPD and dementia than in control subjects. After adjusting for age, sex, comorbidities, infection status, hospital level, life-support measures, and length of hospital stay, the adjusted odds ratio (OR) was 1.39 (95% confidence interval [CI] 1.09-1.77) for respiratory failure (Table 2) . Except for the respiratory system, the risks of acute dysfunction on the cardiovascular, renal, hepatic, neurologic, hematologic, and metabolic systems were essentially the same between the 2 groups. Further, after controlling for all baseline covariates, patients with COPD and dementia had a 38% higher risk of severe sepsis ( Table 2 , adjusted OR 1.38, 95% CI 1.10-1.72). The potential factors associated with respiratory failure, severe sepsis, and hospital mortality in patients with COPD were shown in Tables 3-5, respectively. Besides dementia, factors associated with these clinical outcomes included age, cerebrovascular disease, chronic kidney disease, and length of hospital stay, after adjusting for all baseline characteristics.
DISCUSSION
Main Findings
This is the first study using a nationwide, populationbased, cohort study design to explore the outcomes of dementia in patients with COPD after hospitalization. In this study, we found that the presence of dementia in patients with COPD increased the risk of developing acute respiratory dysfunction, severe sepsis, increased the use of life-sustaining resources, and higher risk of mortality. These findings warrant the attention of health care professionals who care for patients with COPD and dementia.
Characteristics of Patients with COPD and Dementia
Some comorbidities noted in dementia population will increase mortality. For example, pneumonia had a frequency of 9.8% to 17.7% in patients with Alzheimer diseases in comparison to the control group, and pneumonia can predict the hospital mortality in the dementia group.
14 According to the previous study, diabetes was the risk factor associated with mortality in institutionalized older patients with dementia (OR ¼ 2.32; 95% CI 1.35-4.00). In our study, patients with COPD and dementia had higher prevalence of comorbid conditions and dementia associated with mortality in patients with COPD with OR ¼ 1.69. Both diabetes and dementia are patientrelated risk factors that predict poor outcome. In our patients with COPD and dementia, the prevalence of diabetes was extremely high (74.8%) compared to nondementia COPD patients. Although the prevalence of dementia was high in patients with diabetes, the causal relationship between diabetes and dementia is still not fully understood. Previous studies 16 have shown that diabetes was associated with changes in cognition, such as slowing of mental speed, learning and memory, or diminished mental flexibility and mental speed. Large, longitudinal, population-based studies, and a systematic review 17 also demonstrated that diabetes was associated with an increased incidence of dementia and that diabetes was prevalent (up to 80%) in patients with Alzheimer disease. A recent study 18 suggested that the brain cells had a decreased sensitivity to insulin, which could be an early and common feature of Alzheimer disease. The findings from these studies may account for the high prevalence of diabetes in patients with COPD and dementia.
15
Previous studies have shown that pneumonia and urinary tract infections were the leading causes of acute care hospitalization in patients with dementia. 19 In our study, we found that there was no significant difference in the risk of overall infection between COPD patients with or without dementia. However, genitourinary infections were more common among patients with COPD and dementia than nondementia patients. The respiratory system accounts for a large portion of infections among the COPD population and plays an important role in acute exacerbation. In our cohort, patients with COPD had a high respiratory infection rate regardless of their dementia status.
In Taiwan, more than 50% of patients with COPD and dementia were hospitalized in district hospitals, and they also used more life support measures. Physicians from district hospitals should be aware that patients with COPD and dementia have more comorbidities, severe disease conditions, and higher mortalities, and these patients need more attention. The referral system between hospitals of different accreditation levels should be exercised to transfer patients with deteriorating conditions to medical centers whenever necessary.
The Effect of Dementia on Outcomes in Hospitalized Patients With COPD
From the previous report, 20 because of the feeding difficulties, catabolic problem, and other mechanism that are not totally understood, patients with dementia may lead to body weight loss and lower body mass index. These chronic conditions increased mortality rates for patients with dementia. Otherwise, in a longitudinal study of about 250 patients with mild-to-moderate Alzheimer disease, authors showed that the independent risk factor for death caused by dementia was the pathologic process of cerebral inflammation. Aspiration, selfneglect, and sedentary lifestyle are very common consequences of dementia and related causes of death. 21 In the study, we found risk factors that associated with dementia were cardiovascular disease, cerebrovascular disease, and diabetes. Our study also demonstrated that the risk of acute organ dysfunction in the respiratory system was significantly greater in patients with COPD and dementia than in nondementia patients. This finding has important implications for the care of patients with COPD and dementia. Because patients with dementia are at risk of developing delirium, 22 aspiration, and dysfunctions in other organs, airway protection is important in these patients. Except for respiratory dysfunction, our study found no significant differences in the acute dysfunction of other systems between patients with or without dementia.
A previous study suggested a minor role of dementia on mortality in hospitalized older patients after accounting for life support. 10 Other previous studies have also reported a minimal effect of dementia in admitted patients suffering from lifethreatening situations. 23, 24 These studies reported the effect of dementia in life-threatening diseases, but our study highlighted the important role of dementia in association with the risk of death in a wide range of hospitalized patients with COPD. Because our study population focus on patients with a wide range of COPD severity, the effect of dementia on mortality was increased in this population. Given the increasing number of patients impaired by dementia and COPD over the years, the importance of managing dementia in patients with COPD should not be overlooked.
Aspiration in Patients With COPD and Dementia
The prevalence of gastroesophageal reflux disease (GERD) and esophageal disorders in patients with COPD is also higher than the general population. GERD is also associated with COPD acute exacerbations. 25 Previous study has also been documented to have a much higher rate of recurrent aspiration, microaspiration, and pneumonia in patients with COPD and GERD. 26 The most common cause of death in patients with advanced dementia was aspiration pneumonia and eating problems and dysphagia is a negative prognostic factor for survival. 27 A retrospectively study for patients with COPD aged 40 and older, using the Diagnosis Procedure Combination database revealed higher mortality was associated with comorbid conditions, including aspiration pneumonia. 28 Aspiration pneumonia is the important factor in COPD exacerbation and mortality, especially in the group of people with dementia. It is important to raise the awareness to protect airways against aspiration in patients with COPD and dementia.
Strengths and Limitations
This study has several strengths. First, this study had a large sample size and adequate statistical power to detect differences in the risks of prognosis related to dementia. Second, studies based on longitudinal claims such as ours have little room for loss to follow-up, which minimized the potential for selection bias. Third, we adjusted for a number of comorbidities and life-supporting measures that illustrated the independent effect of dementia on the outcomes of hospitalization in patients with COPD. Despite the above strengths, some limitations in our study should be addressed. First, the major limitation was that some of the known prognostic factors of COPD, including a history of cigarette smoking, pulmonary function, degree of tachypnea, and severity of dementia were not available from the claims database. The inability to adjust for these prognostic factors might have confounded our results. Second, the reliance on the disease coding in the medical claims might be subject to disease misclassification bias. Moreover, there are only 5 diagnostic codes for each hospital discharge record in the Taiwan NHI inpatient claim data diagnosis. Thus, some outcome measures could have been missed resulting in an underestimation of the incidence of adverse outcome measures. In other countries, like Australia, have 55 diagnostic code spaces per patient episode, which may increase capture rate of diagnoses. Nonetheless, the ICD-9 CM codes used for COPD diagnosis have been extensively used in other studies, 29 and the internal findings also support the coding validity. 30 Moreover, potential disease misclassification bias, if any, tends to be nondifferential and favors the estimates toward the null hypothesis. 10 
CONCLUSION
In conclusion, the presence of dementia increases the risk of respiratory organ dysfunction, severe sepsis, and hospital mortality in hospitalized patients with COPD. The outcomes of patients with COPD and dementia can be improved by healthcare professionals' awareness of this high-risk subpopulation among patients with COPD.
